Abstract: Retrieval procedures, if carried out without reinforcement, initiate memory extinction. The extinction of onetrial avoidance learning requires glutamate NMDA receptors, calcium-calmodulin dependent protein kinase II, cAMPdependent protein kinase and mitogen-activated protein kinases, and, importantly, protein synthesis and gene expression in the hippocampus. The extinction of fear-potentiated startle requires NMDA receptors and mitogen-activated protein kinases in the basolateral amygdala. The extinction of conditioned taste aversion requires protein synthesis in the insular cortex. Thus, extinction is an active process that involves a variety of molecular events and -at least for the one task in which it was studied-both gene expression and protein synthesis. Insofar as in each of the tasks mentioned, the treatments were studied in a different brain region, therefore, it is still not known whether extinction in general uses those brain areas in parallel, or whether the extinction of each task is metabolically different. A role of endogenous cannabinoids in extinction has been postulated; some evidence indicate that they act on the amygdala, but indirect findings suggest that they may also exert their action in the hippocampus. When carried out using methods that enhance perception that the reinforcement is absent, extinction can be quite profound, and the animals require "de novo" gene expression and protein synthesis in the hippocampus in order to reinstall the original learning. This might be of value in the design of "exposure" therapies for the treatment of phobias and of post-traumatic stress disorders.
INTRODUCTION
Repeated retrieval without reinforcement leads to the extinction of memories. Extinction was first described by Pavlov for classical conditioning [1] , in which an initially neutral stimulus (conditioned stimulus, CS) signals the imminence of an unconditioned stimulus (US), which always elicits a response because it is "biologically significant": eg. food, a footshock, etc. In Pavlovian conditioning, the CS-US contiguity ends up generating a response to the CS that is similar or related to that produced by the US: salivation, leg withdrawal, etc. The new response to the CS is called conditioned response (CR). Repetition of the CS alone, without the US (i.e., without "reinforcement"), leads to a diminution of retrieval: the intensity or the occurrence of the CR becomes gradually extinguished [2] . This is generally believed to consist of a new learning in which the CS-no US association predominates over the previously acquired CS-US association, and the reduction of retrieval of the previous memory results from a change in the hierarchy of possible responses to the CS. Preference for the omission or attenuation of the CR prevails over performance of the CR [2, 3] .
Extinction is important clinically. Under various names (extinction, habituation, exposure, etc.) it has been used successfully for decades in the treatment of fobias, and has more recently been applied to the treatment of the posttraumatic stress disorder [4] [5] [6] . The therapeutic objective is *Address correspondence to this author at the Centro de Memória, Departamento de Bioquímica, ICBS, UFRGS, Ramiro Barcellos, 2600-anexo, (90035-003) Porto Alegre, RS, Brazil; E-mail: mrmvianna@yahoo.com to dissociate a given experience from its potential or imagined dire consequences: the sight of a spider or a snake from their bite; or the witnessing of or suffering from torture, pain, prison, etc. from a repetition of such experiences [5] . Clearly, the constellation of cues for the terrorizing consequences of the experiences must be re-associated with nonharmful consequences.
Extinction is not synonymous with forgetting: forgetting consists in the actual loss of memories, be it by the lack of use of the synapses involved [cf. 7] , or by the physical loss of neurons or synapses, due to the passage of time or because of some disease. Extinction is viewed as a form of learning by which the expression of some memories is inhibited because the significance of cues is altered so that a new connection of the CS with other responses may predominate [2] .
In 1928, Konorski, based on the earlier findings of Thorndike [8] , described another form of conditioning, which is now generally called instrumental [9] . In this type of learning, the CR determines whether the US will be delivered or not, and is therefore used as an instrument by the subject. For example, salivation to the CS can bring about the delivery of food (instrumental alimentary conditioning), or withdrawal of the leg is used by the animal to avoid a footshock (avoidance conditioning). The extinction of instrumental conditioning is usually much slower than that of the classical conditioning, particularly in avoidance situations, because the US will be absent every time that the animal makes a correct CR, and so the subjects will need many trials before they can actually perceive that the CS-no US has become a new association [9] . It should be noted here that the CR is almost invariably "useful" to the animal, regardless of whether the training paradigm is classical or instrumental. In Pavlov's original model, in which the CS-US pairing is present on every acquisition trial, salivation is appropriate to the ingestion of food and leg withdrawal serves the purpose of diminishing the surface of the leg that receives a footshock [1] . That is precisely what made the discovery of instrumental conditioning possible: if the CR can be made purposeful, why not use it as a means to bring about the US (in alimentary tasks) or its omission (in avoidance tasks) [8, 9] ?
The task most used for the study of the effect of drugs on learning and memory is a one-trial procedure called "passive" or "inhibitory" avoidance [10, 11] , but it is in reality a classically conditioned task [3] . This procedure has been used in many species, from mollusks to humans; most studies have been conducted in rodents and chicks [11, 12] . The training paradigm consists of one trial of Pavlovian learning in which the animals are placed in a safe compartment or platform (CS), and as soon as they step out of it they receive a footshock (US). On test trials, the animals are placed again on the safe place (CS) and their latency to step out of it is measured. This latency is higher than that in the single training trial, and this increase is taken as indicative of a CR. By performing this CR, of course, the animals delay or prevent the occurrence of the footshock; but since learning was by contiguity and the animals had no chance to put to test the avoidance value of the CR at the time of training, this is to be viewed as a Pavlovian task. As custom has it, however, it is usually called an "avoidance" task, because the longer the test latency, the more the animals will delay the footshock. But the footshock is usually omitted in the test session of this task. Thus, actually, the test session usually consists of the initiation of extinction (a CS-no US session) [13, 14] , and in this task as well as in others of its kind the animals are indeed prevented by experimental design to find out whether the CR can effectively be used as an instrument.
Since one-trial avoidance is by definition an anxiogenic task, its extinction can be viewed as a good model for the studies of human extinction of anxiogenic learning, such as that of phobias or post-traumatic stress disorders.
BRAIN AREAS INVOLVED IN THE INITIATION OF EXTINCTION
As mentioned, the formation of many memories, perhaps most, crucially involves the hippocampus [15] and its connections [16] . This includes one-trial inhibitory avoidance and similar tasks [11, 17] . Thus, the trace of the original CS-US association of these tasks must presumably lie in synapses of the hippocampus and its connections, most of which are cortical.
In test sessions conducted without reinforcement, as mentioned above, the original memory trace is reactivated, which causes retrieval as soon as the CS is presented [18] [19] [20] [21] . However, if the CS is not accompanied by the US, the animals detect the new CS-no US association at the same time [3, 22, 23] . In a one-trial step-down avoidance task, this takes place as soon as the animals step down from the safe platform (CS) and receive no footshock when they place their paws on the grid (no US) [24] .
The initiation of extinction, in which a CS-no US connection supersedes or superimposes upon the original CS-US connection should somehow involve the synapses used for the original learning. By definition, extinction consists of the inhibition of a previous association and its gradual substitution by another, new association (see above). Associative learning is believed to result from synaptic changes [1, 5, 52, 58, 62] . Not surprisingly, much recent research on the mechanisms of memory extinction has focused on the hippocampus [3, [24] [25] [26] [27] [28] , which is held responsible for the consolidation of many forms of learning, particularly those of a declarative and episodic type [11, 15] . In particular, it was recently demonstrated that the context-specificity of extinction (i.e., animals extinguish better in the apparatus in which they had originally been trained) is inhibited by the administration of the GABA A agonist, muscimol, into the dorsal hippocampus [25] .
There are tasks, however, in which other brain structures are critical for memory consolidation. In some of these tasks, the role of these other structures on extinction has been studied. The acquisition of fear-potentiated startle relies quite heavily on the basolateral nuclear complex of the amygdala [29] . Studies on the extinction of fear-potentiated startle have accordingly been carried out on the amygdala [30] [31] [32] [33] . The consolidation of conditioned taste aversion relies on the insular cortex [34] and on the perirhinal cortex [35] . Studies on the extinction of conditioned taste aversion have been carried out only on the insular cortex [36] . The medial prefrontal cortex and the retrosplenial cortex have recently been implicated both in the acquisition and extinction of trace eye blink conditioning, a form of learning that depends on the hippocampus [37, 38] . The rostral portion of the retrosplenial cortex is critical for acquisition and its caudal part is critical for extinction of this task [38] . However, most of these studies have centered on only one structure (the hippocampus for inhibitory avoidance, the basolateral amygdala for conditioned startle, the insula for conditioned taste aversion, etc.). It is therefore possible that, as happens with consolidation [11, 16] and retrieval [18, 19, 22, 23, 28, 39] , extinction could involve other structures in addition to those that have specifically been studied for each behavior. For example, the perirhinal cortex has recently been shown to participate in conditioned taste aversion [35] along with the insular cortex. There are indeed important anatomical and physiological connections between the hippocampus, the amygdala, the ento-and perirhinal cortex and other cortical areas including the insula and the frontal cortex [40, 41] . It is in principle hard to believe that the related forms of fear conditioning acquired in similarly brief session should require different arrays of brain structures for either consolidation or extinction [16, 42] . Although there may be regional specialization in the analysis of different components of each task [29, 38, 42, 43] , in all probability several brain regions need to be activated at the same time in all or most of them, including the hippocampus, basolateral amygdala and the entorhinal and parietal cortex [44, 45] .
ARE NMDA RECEPTORS NECESSARY FOR EX-TINCTION?
While extinction is clearly a consequence of retrieval without reinforcement, the mechanisms involved in extinction and retrieval show several important differences. The retrieval of fear potentiated startle is blocked by intraamygdala infusion of the glutamate AMPA receptor antagonist, CNQX [46] or by mGluR II receptor agonists [32] but not by that of the glutamate NMDA receptor antagonist, AP5 [47] . Similarly, retrieval of one-trial step-down inhibitory avoidance learning is hindered by the intrahippocampal infusion of CNQX but not of AP5 [48] . However, the extinction of these tasks is strongly affected by the intraamygdala [30] and the intrahippocampal infusion of AP5 [24] , respectively, when the drugs are administered on the first retrieval session. Further, in fear-potentiated startle, extinction is facilitated by the intra-amygdala infusion of Dcycloserine, a partial agonist at the glycine recognition site of the NMDA receptor complex, which would be expected to increase the function of that receptor [33] . . Thus, while it is obvious that extinction is triggered or gated by the first retrieval session without reinforcement [3, 23] , it is also clear that the biochemical substrates of retrieval are not identical to those of extinction, beginning at the glutamate receptor level. The former do not, and the latter do, include NMDA receptor activation in the hippocampus.
Further, NMDA receptors have repeatedly been assigned a role in associative learning [see for references 11, 16] . Extinction involves a new association (CS-no US) that superimposes upon and supersedes the original association (CS-US) [2] .
However, the extinction of conditioned taste aversion does not require NMDA receptors in the insular cortex: the localized pre-test infusion of AP5 into this structure does not affect extinction [36] . Whether this means that the extinction of this task involves a different mechanism from that of the fear conditioning tasks, is not clear. Other structures, such as the perirhinal cortex [35] , hippocampus and amygdala have not been studied in relation to the extinction of conditioned taste aversion. It is entirely possible that the "closure" of the CS-no US circuit for this task may take place somewhere other than the insular cortex, and that the latter plays an important, but subsidiary role.
An important experiment by Quirk and his associates has explored the relation of NMDA receptors to extinction under a different light [49] . They found that rats can extinguish both conditioned fear and a conditioned emotional response normally for 90 min under the presence of a systemically administered NMDA receptor antagonist, but they do not recall this extinction 24 h later. These findings suggest that early extinction takes place independently of NMDA receptors, but the extinction manifested at longer times does require NMDA receptors; and also suggest that the consolidation of extinction may involve off-line relearning, perhaps in prefrontal -amygdala circuits, such as those described by others [41] . The concept of simultaneous extinction processes taking place at different areas of the brain, using different biochemical mechanisms [49] may be important to interpret many of the apparently discrepant data on the pharmacology of extinction, such as those mentioned above concerning conditioned taste aversion. It also points to the possibility of two separate forms of extinction, a short-term and a long-term form, that to an extent rely on different biochemical substrates. This is of course remindful to the recently described separation of short-and long-term memory for fear-motivated conditioning [50] . Extinction would appear to be just another form of learning with parallel shortand long-lasting memory processing [51] . The distinction between short-and long-term extinction should be further explored. So far, most studies have centered on long-term extinction, including all those that are commented in this article except [49] .
THE ONSET OF EXTINCTION REQUIRES GENE EXPRESSION AND PROTEIN SYNTHESIS
It is believed that the various biochemical changes that follow after the acquisition of new learnings and culminate by two peaks of gene expression and protein synthesis [52] [53] [54] end up generating, first, cell adhesion changes [55, 56] and ultimately morphological changes at synapses [57, 58] .
Does extinction also require protein synthesis? The first report showing that it does was by Flood and his collaborators in 1977, using the protein synthesis inhibitor, anisomycin and a pole jump active avoidance task [59] . They correlated the duration of the brain protein synthesis inhibition with the deleterious effect of the drug on consolidation and extinction of this task. Two recent pharmacological experiments extended this finding to specific brain regions. The infusion of anisomycin into the insular cortex at the time of the first test session blocks extinction of conditioned taste aversion [36] . Similarly, anisomycin bilaterally infused into the CA1 region either before or after the first of a series of test sessions blocks extinction of inhibitory avoidance [24] . Does this need for protein synthesis rely on pre-existing mRNAs or does it involve newly synthetized mRNAs and therefore the expression of "new" proteins? The answer to this question is critical in order to establish whether extinction really involves new learning or consists rather merely in the inhibition of a previously consolidated response. Again, pharmacological experiments came to the rescue. The infusion of the RNA polymerase II inhibitors, DRB and α-amanitin into the CA1 region of the rat prior to the first of a series of test sessions blocks extinction of the one-trial inhibitory avoidance task; infusions of these drugs (or anisomycin) 1 or 3 h after the test has no effect [24] . Therefore, extinction, like other new learnings (eg. [52, 54] ) does require gene expression and the synthesis of "new" proteins. Unlike consolidation of the original task, however, the need for gene expression and protein synthesis in the case of extinction appears to be just at the time of training [24] , and not in two peaks [54] .
In a recent paper on contextual fear conditioning and water maze learning, the subcutaneous administration of anisomycin hindered consolidation but not extinction of the tasks [60] . Peripheral administrations of anisomycin are much less effective than infusions of the drug into the brain in order to reduce brain protein synthesis [see 59]. Thus, it is possible that extinction is simply somewhat less sensitive to brain protein synthesis inhibition than consolidation [3, 26] .
SIGNALING PATHWAYS INVOLVED IN EXTINC-TION
The activation of glutamate NMDA receptors that occurs during memory consolidation or in the induction of longterm potentiation (LTP), triggers a hyperactivation of various signaling pathways, of which the best studied are those mediated by calcium/calmodulin dependent protein kinase II (CaMKII) [61] , cAMP-dependent protein kinase (PKA) [53] and the mitogen-activated protein kinase (MAPK) family [53, 62] .
The importance of these pathways for consolidation has been ascertained in pharmacological experiments using localized brain infusions of specific inhibitors of the enzymes. Consolidation of one-trial inhibitory avoidance requires a dual activation of PKA, firstly right after training and again 2-6 h later [16, 24, 53, 63] , an early activation of CaMKII [61] and a late activation of MAPKs [62] , all in the hippocampus. The PKA and MAPK changes require intact NMDA receptors at the onset of the consolidation process [62] . The consolidation of contextual and auditory fear conditioning requires the participation of PKA and MAPK in periventricular structures of the brain [64] . Fear-conditioned startle requires PKA and the MAPK cascade in the basolateral nucleus of the amygdala [31] . Conditioned taste aversion requires the integrity of the MAPK cascade in the insular cortex [34, 36] .
Are any of these metabolic pathways necessary for extinction? This was studied in some detail in the hippocampus for one-trial inhibitory avoidance. When given bilaterally into CA1 either prior to, or right after, the first of a series of 4 retrieval tests, AP5 the PKA inhibitor, Rp-cAMPs, the CaMKII inhibitor, KN62, and the MAPK inhibitor, PD098059 blocked extinction of this task [26] . The effect was seen in spite of the fact that Rp-cAMPs and PD098059 hindered retrieval in the first test, and AP5, Rp-cAMPs and PD098059 hindered retrieval in the second test session. The blockade of retrieval in the 3rd and 4th test sessions by effect of AP5, Rp-cAMPs, KN62 and PD098059 was seen regardless of whether the 2nd test was carried out or omitted [26] .
The extinction of fear-potentiated startle is hindered by PD098059 given into the basolateral amygdala prior to retention testing, suggesting that this molecular pathway is also essential in that area for extinction [31] .
In the conditioned taste aversion task, the pre-test administration into the insular cortex of neither PD098059, nor, for that matter, scopolamine or AP5, has some effect on extinction; interestingly, the beta-blocker propranolol hinders extinction [36] . All these substances had been shown to disrupt consolidation of this task when given into that structure [34] .
So again, as had been discussed above for other drugs, the findings on the pharmacology of extinction so far are somehow scattered. More work has been done on the hippocampus using one-trial avoidance than in any other structure or task. The basolateral amygdala and fear-potentiated startle come second. However, nobody has decided to explore more than one structure in each task, which would be necessary in order to establish whether different biochemical systems acting in various brain areas control extinction. In fact, many studies on consolidation [11] and retrieval [18, 19] have shown that these two processes are controlled by many brain areas, and not just by one. The case of retrieval is of particular importance, since there is no doubt that extinction stems from retrieval: it is precisely on the first retrieval test when the animals perceive the CS-no US connection and begin to extinguish [1-3, 9, 24, 26] .
ENDOGENOUS CANNABINOID SYSTEM AND EX-TINCTION [71]
Endogenous cannabinoids (endocannabinoids) and their receptor CB1 are found, usually in GABAergic interneurons, in many places in the brain [65, 66] , including the cerebellum, substantia nigra, globus pallidus [67] , the basolateral amygdala [68] and the hippocampus [69] . Accordingly, the systemic administration of CB1 agonists produces symptoms related to the functions of these brain areas, such as catalepsy, immobility, ataxia, impairment of the performance of complex motor behaviors [67] , sensitization to the psychomotor effects of amphetamine [70] and memory deficits similar to those produced by neurochemical lesions of the hippocampus [71] . Knock-out mice lacking CB1 receptors retain memory for longer times than their wild-type counterparts [72] . Endocannabinoids facilitate LTP induction in the CA1 region of the hippocampus [73] . Importantly, these substances are released in the hippocampus and cerebellum from depolarized postsynaptic neurons in a calciumdependent manner [74] and act retrogradely on presynaptic receptors to suppress inhibition or excitation [73] [74] [75] , which probably underlies their influences on LTP.
Recently, Marsicano, Lutz and their co-workers [76] have shown, using both CB1 knockout mice and the CB1 antagonist SR141716A, that endocannabinoids control extinction of auditory conditioned fear. Both in SR141716A-treated wild-type mice and in the CB1 knockouts, short-and long-term extinction are markedly depressed. The data correlate with the finding that CB1 knockout or SR141716A-treated mice present a decrease of GABA release from axon terminals; and, further, with an increase of endocannabinoid levels in the basolateral amygdala (but not in medial prefrontal cortex) seen upon re-exposure to the CS (a tone) in test sessions.
The important discovery of a possible endocannabinoid control of extinction mediated by CB1 receptors in the basolateral amygdala [76] opens an entirely new pathway for the investigation of the mechanisms of this behavioral process. In view of the findings indicating a role for endocannabinoid/CB1 mediated electrophysiological effects in the hippocampus [74, 75] , of the evidence suggesting that the hippocampus is crucially involved in extinction [3, 24, 26] , and of the similitude of CB1 mediated memory deficits and those of hippocampal lesions [71] , it would be interesting to reproduce the findings of Marsicano et al . [76] studying the hippocampus instead of the basolateral amygdala.
It would also be interesting to discount the various reported effects of the endocannabinoid/CB1 receptor system on motor control [67, 70] from the effects observed concerning memory consolidation [71] and particularly from those on extinction [76] . All other drugs studied for their effect on extinction when given into hippocampus or amygdala (AP5, Rp-cAMPs, PD098059, KN62, anisomycin, DRB, α-amanitin) have convincingly been shown not to affect locomotor and orienting activity measured in an openfield and locomotor and pro-or anti-conflict behavior measured in an elevated plus maze [see above and 18, 24, 26] when administered into the same structures in which they have an effect on extinction.
IS THERE A ROLE FOR GABAERGIC TRANSMIS-SION IN EXTINCTION?
Since extinction involves the inhibition of a previously learned CR, it seems only logical to think that GABAergic receptors might play a role in extinction. The possibility of such a role is strengthened by the findings on endocannabinoids mentioned above [76] , since the drugs affect GABAergic transmission and are present mostly in GABAergic neurons [66, 68, 76] .
Obviously, GABA A receptors must be involved in extinction. The question is how, where and when? The facts that different drugs have been used, that they were given at different times, and that all of them were given systemically, prevent a conclusion. The blocker of GABA A receptor chloride channels, picrotoxin, enhances on-going extinction of one-trial inhibitory avoidance when given on the third of 3 retention tests [77] . However, in context-dependent fear conditioning to a tone [78] , the beta-carboline FG7142 (a partial antagonist at the benzodiazepine site of GABA A receptors) interferes with the onset of extinction and also reverses extinction once initiated, i.e. it causes reinstatement of the extinguished response [79] . The inhibitory effect of the benzodiazepine, midazolam, on fear conditioning itself is reversed when rats are tested in a different context; which has been viewed as an effect parallel to that of extinction [80, 81] .
Certainly GABA A receptor agonists and antagonists, both direct and indirect, should be studied for their effect on extinction when given on the first of a series of extinction tests [i.e., 24, 26, 31] into specific brain structures that play a role in extinction, like the hippocampus and basolateral amygdala.
"FULL" EXTINCTION
Given that extinction is not synonymous with forgetting (see above), how complete can extinction be? Can it be carried to the point in which the original CR can only be reinstalled through a process requiring again gene expression and protein synthesis, as if it were again a new learning?
Extinction is viewed as a consequence of the development of a response to a CS-no US association that supersedes an existing CS-US connection [2, 82] , obviously a way in which extinction could be enhanced (and the original CR could fully be inhibited) is by strengthening the "no US" component in successive test sessions. This was done in a recent experiment conducted in our laboratory [27] . Rats were regularly trained in a conventional one-trial step-down avoidance task using a 0.5 footshock. On subsequent test sessions, spaced 24 apart, the animals were placed on the platform (CS) and then allowed to explore the apparatus freely for 30 sec once they stepped down. Extinction reached an asymptotic level in which step-down latency was indistinguishable from training session latencies in the 4th test. Further, if the extinction procedure was interrupted on the 5th session, there was no spontaneous recovery over a period of 8 days [27] . Spontaneous recovery is often used as an indication that CRs are nor erased by extinction, but they are merely attenuated [2, 82] . (Extinction may however persist beyond recovery [82] ).
Further, and importantly, retraining in the avoidance task 1 day after the last (5th) extinction session using the "enhanced no-US" mode caused a re-installment of the original CR; but this required gene expression and protein synthesis: it was prevented by DRB, α-amanitin and anisomycin [27] . In addition, in animals extinguished using this enhanced mode, expression of the memory trace was not enhanced by the classic retrieval enhancers, systemic ACTH or adrenaline [21, 22] , and intrahippocampal Sp-cAMPs [18] , a stimulant of PKA [27] . The retrieval enhancers are known to work only when there are enough remnants of the original CR so that this can be reactivated, even if this occurs months later [22] . Therefore, yes, by strengthening the "no-US" component of the extinction paradigm, extinction can be made quite complete, to a point at which there is no spontaneous recovery of the original CR, reinstallment of the original CR requires gene expression and protein synthesis, and its retrieval cannot be enhanced by any well-known retrieval enhancers [27] .
THERAPEUTIC POTENTIAL OF MEMORY EX-TINCTION
The observation that by strengthening its "no-US" component extinction can considerably be strengthened, offers a new perspective for the treatment of post-traumatic stress disorder and other ailments for which extinction has been reported to be beneficial, like phobias. Extinction treatment procedures, whatever the name that they are disguised with (i.e., habituation, exposure, flooding, etc.) consist in the exposure to visual or other material from a traumatic experience (or, in the case of phobias, a pseudo-experience) omitting the reinforcement [4] [5] [6] . Simple exposure and simple omission can sometimes be undesirable, since they may merely revive the horror of the original experience. The "no-US" side should be enhanced, either by increasing its duration or by psychotherapeutic procedures. Exposure to scenes of August 8, 1945 to somebody present that day in Nagasaki is likely to reevoke fear and desperation unless "no-US" factors related to the therapeutic exposure are stressed and somehow enhanced. Some use benzodiazepines to reduce anxiety at the time of exposure [5, 6] ; which, based on the extinction-like effect of benzodiazepines commented above [80] , might help. However, it is far better to devise psychotherapeutic manners of rationally reducing the US value of what is shown or discussed. If not, there is a danger that the tranquilization induced by the benzodiazepines might establish a form of state-dependency, and that in the absence of the drug the patients may relive the horror inherent to the CS. Animal experiments suggest that a hypervaluation of the "no-US" component of the extinction procedure may be a useful way to enhance extinction [27] .
IS ENHANCED RETRIEVAL THE SAME THING AS REDUCED EXTINCTION?
In much of the early literature on the effect of ACTH, adrenaline, vasopressin and other substances on memory processes, the drugs were administered prior to a retention test and they enhanced retrieval, an effect which was described by many as "reduced extinction" (eg., 13, 14] ; see [21, 22] . .
While it is true that reduced extinction is expressed by an enhancement of retrieval [eg. 3, 24, 26] and enhanced extinction is expressed as a reduction of retrieval [77, 81, 82] , extinction itself can only be detected by its gradual progression over repeated testing [1, 9] . Retrieval may suffer ups or downs along an extinction curve [3, 26] , which may result from performance rather than from real learning changes. Very often, retrieval can temporarily be inhibited by treatments that actually also reduce extinction, like intrahippocampal Rp-cAMPs, AP5, PD098059 [26] or anisomycin [24] . Therefore, it is preferable to restrict the use of the terms "enhanced (or depressed) retrieval" to studies that measure retrieval alone, without measuring extinction [eg., 13, 14] , and to reserve the terms "enhanced (or depressed) extinction" to studies in which extinction is measured specifically over several test sessions.
AND WHAT ABOUT LONG-TERM DEPRESSION?
Several years ago, Tsumoto [83] called attention to the possibility that long-term depression (LTD) could be in charge of forgetting. He used the term 'forgetting' perhaps improperly. Although electrophysiologists and others often confuse forgetting with extinction, it is now widely accepted that both pertain to different processes. Forgetting is the actual loss of memories, usually the result of chronic disuse [eg., 18] or neuronal loss. Extinction is instead a form of learning based on a CS-no US association, which causes the inhibition of responses previously learned to a CS-US association [see above and 2,3] .
However, the postulation of Tsumoto [83] still stands, and may be rephrased. Inasmuch as memory consolidation depends on a sequence of cellular and molecular processes that is in many respects similar to those described for LTP [11, 16] , can extinction involve an LTD-like sequence of events? In principle it could. LTD occurs in many regions of the brain, requires in many cases, but not all, NMDA receptors, and involves to various extents the signaling pathways mentioned above à propos memory consolidation and extinction [84] . The possibility that LTD-like processes may be involved in the generation of extinction deserves investigation.
FINAL COMMENT
Extinction is a very important behavioral process. Without it, cognition as we know it would certainly be impossible: our brain would be constantly clogged with learned response choices that may be inadequate most of the time. We would attribute danger to situations whose dangerous nature has long been lost, or appetitive value to stimuli that no longer have it. In addition, as mentioned above, extinction is of therapeutic importance in the treatment of disorders in which fear-motivated behavior triggers undue and undesirable reactions, such as phobias and the post-traumatic stress disorder. Extinction can be quite complete and, for behavioral purposes, lead to an effective erasure of the previous learning.
Recent research has indicated that extinction is indeed a new learning that superimposes upon, and overrides, previously acquired learnings. Extinction relies on molecular changes in brain areas associated with the previous acquisition and consolidation of those learnings. In different behavioral models in rodents, the hippocampus, basolateral amygdala and insular cortex have been shown to be implicated in extinction; however, the experiments so far have not established whether one or other of these structures predominates for each task or all of them (and possibly others) are involved in the generation of different forms of extinction. Notwithstanding, NMDA receptors (at least in hippocampus and amygdala), signaling pathways such as those mediated by CaMKII and PKA (in the hippocampus) and MAPKs (in hippocampus and amygdala) are required for extinction. So is gene expression (in the hippocampus) and protein synthesis (at least in hippocampus and insular cortex). It will be necessary to examine in detail the need for all these biochemical processes in different brain areas in the extinction of different tasks. Some findings have suggested that there is an early form of extinction that is not dependent on NMDA receptors from which animals progress to longlasting NMDA receptor-dependent extinction. Others suggest a key role for endocannabinoids in the specific control of extinction, acting presumably in the basolateral amygdala.
As has been previously described in extenso for the process of memory consolidation [see references in 11, 16] , the findings that revealed the main molecular characteristics of extinction have been pharmacological. Like all specifically timed behaviors, extinction (which starts at the first notice of a CS-no US association) is not readily amenable to investigation using brain-lesioned, knockout or transgenic animals: observed effects may be attributed to influences on memory processes other than extinction.
Finally, there has been considerable speculation on the possibility that extinction must use the same neuronal cir-cuits and/or molecular mechanisms used for consolidation of the tasks that are extinguished [eg. 85] . Indeed, as outlined above, much of the pharmacological work on extinction was carried out on the same structures that had previously been shown to be responsible for extinction of a variety of tasks: the insula for conditioned taste aversion [36] , the basolateral amygdala for fear-potentiated startle [30, 33] , and the dorsal hippocampus for one-trial avoidance [3, 24, 26] . However, while a few of the molecular processes involved in extinction match those involved in consolidation, notably and importantly gene expression and protein synthesis [24] , many do not; and, in addition, there are indications that other brain areas aside from those that had been used in consolidation may be activated at the time of extinction. No doubt, the same synapses whose function (and morphology, perhaps, [58] ) have been changed by consolidation must somehow be partly inhibited or gated out by extinction [86] . But this is a far cry from saying, let alone demonstrating that extinction is built into, or sustained by changes in, those synapses. There is simply not enough data to support this speculation and build it up into a sustainable hypothesis. A much simpler case for co-existence of two different forms of memory in the same synaptic network has been posed for short-and long-term retention of the same, rather than a different or opposite memory [51] or LTP [87, 88] , with the same input and output, but there is no procedure available yet to test that hypothesis. Further research will no doubt throw some light into this question.
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NOTE ADDED IN PROOF
In a work carried out after this paper was submitted, we observed that the BLA regulates extinction of one-trail inhibitory avoidance in the rat [88] . The infusion into the BLA of DRB, a-amanitin or Rp-cAMPs prior to the first of 5 daily test sessions, at the same doses that had been studied in the hippocampus [26] , inhibits extinction. Thus, both CA1 and the BLA are in charge of extinction of this task. The participation of the amygdala in extinction of inhibitory avoidance does not include a role for MAPK [88] , in which it differs both from its effect on the hippocampus in extinction of this task [26] , and its own role in extinction of fear-motivated startle [31] . 
